Diffuse large B-cell lymphoma (DLBCL) is a heterogeneous group of non-Hodgkin lymphoma (NHL), and its current standard of care is chemoimmunotherapy with rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone (R-CHOP). Clinic-pathological markers such as the International Prognostic Index in rituximab era (R-IPI) and β2-microglobulin serum level (B2M) have been used as prognostic factors in DLBCL,^[@bib1],\ [@bib2]^ but do not predict patients\' outcome in several cases.

Glutathione S-transferase (*GST) M1*,*T1* and *P1* detoxify chemotherapeutic agents, such as cyclophosphamide (CP), doxorubicin and/or their metabolites, by conjugating them to glutathione.^[@bib3]^ GSTP1 also regulates cellular chemical stress and death through interaction with the c-Jun Nh2-terminal kinase (JNK1) protein.^[@bib4]^ *GSTM1*, *GSTT1* and *GSTP1* are encoded by polymorphic genes. Homozygous deletion of *GSTM1* and *GSTT1* genes results in loss of functional enzyme activity.^[@bib5]^ The *GSTP1*isoleucine (Ile) 105 valine (Val) polymorphism influences enzyme activity; protein encoded by the Ile allele is more efficient in detoxification than that produced by the Val allele.^[@bib6],\ [@bib7]^

Studies conducted in patients with follicular lymphoma^[@bib7]^ and DLBCL^[@bib8],\ [@bib9]^ treated with CP-based regimens have shown that deletion of *GSTM1* and/or *GSTT1* confers worse event-free survival (EFS) and more adverse effects when compared with undeleted genes. On the other hand, breast cancer patients with the ValVal genotype of the *GSTP1* Ile105Val polymorphism had longer overall survival (OS),^[@bib10],\ [@bib11]^ better therapy response and reduced risk of myelosuppression^[@bib12],\ [@bib13]^ than those with the IleIle genotype when treated with CP-based chemotherapy.

The *GSTM1*, *GSTT1* and *GSTP1* Ile105Val polymorphisms had their roles analysed in the outcome of *de novo* DLBCL patients treated with R-CHOP in this translational prospective study.

Between July 2009 and July 2015, 144 *de novo* DLBCL patients diagnosed at the University of Campinas were included in study after approval of the Local Ethics Committee. Lymphoma diagnosis and classification were based on the 2008 World Health Organization criteria.

Patients were stratified by age, gender, serum B2M and albumin levels, Ann Arbor stage, R-IPI and National Comprehensive Cancer Network International Prognostic Index. Patients with stage I or II tumours received four cycles of R-CHOP, and six cycles of R-CHOP were administered to patients with stage III or IV tumours. Adverse events reported for each cycle of treatment were recorded according to the Common Terminology Criteria for Advance Events of the National Cancer Institute (CTCAE v.4 2009). Response to R-CHOP was scored according to the International Working Group criteria.

Genotypes were obtained in genomic DNA of patients\' peripheral blood samples. Homozygous deletions of the *GSTM1* and *GSTT1* were simultaneously determined by a multiplex PCR method.^[@bib14]^ The *GSTP1* Ile105Val polymorphism was analysed by PCR followed by enzymatic digestion.^[@bib15]^ Positive and negative controls were used in all reactions. Replicates were performed in 10% of the reactions, achieving 100% concordance.

All analyses were conducted according to their assumptions. Logistic regression model assessed possible associations between genotypes and clinic-pathological features. Kaplan--Meier method was applied to EFS and OS, where date of diagnosis was the baseline to calculate the time, EFS until first event date (relapse, progression or death) or last seen date, whereas, OS until death or last seen date. Hence, it was applied the Cox regression for EFS and OS. To ensure the stability of model was used the bootstrapping (*n*=1000) based on repeatedly random sampling, applying the bias-corrected and accelerated method. *P*-values were two-sided, considering significantly when ⩽0.05 using the SPSS 21.0 software (IBM Corp., Armonk, NY, USA).

[Table 1](#tbl1){ref-type="table"} presents toxicity, response rate and final status by GST genotypes distributions of 144 patients. On December 2015, 97 patients were alive (just one with disease) and 47 died (21 due to toxicity, 25 of disease progression and 1 of unrelated cause). Until here, these data were similar to those previously published.

No association of clinic-pathological features and *GSTM1* and *GSTT1* genotypes were observed. Regarding *GSTP1* Ile105Val polymorphism, the IleIle genotype was more frequent in patients who presented grade III or IV toxicity (most myelosuppression), in patients who did not obtain complete response to R-CHOP and in patients who advanced to death than in those with the remaining genotypes of the gene; carriers of the IleIle genotype were under a 2.94-, 2.18- and 2.80-fold increased risks of toxicity, not achieving complete response to chemoimmunotherapy and evolving to death (logistic regression analysis). All associations were confirmed by bootstrapping method ([Table 1](#tbl1){ref-type="table"}). Only Korean DLBCL patients with *GSTT1* null genotype and *GSTM1/GSTT1* null combined genotype displayed more frequent grade III--IV R-CHOP-related myelosuppression than those with undeleted genes, but excesses of patients with ECOG \>2 and IPI 3--5 scores were identified in the *GSTT1* null genotype group. Whereas, the treatment response rate in these patients did not differ according to *GSTM1*, *GSTT1* and *GSTP1* polymorphisms.^[@bib8]^

It is well plausible that patient with the *GSTP1* 105IleIle genotype has worse response and reduced toxicity when exposed to CP, since the Ile allele encodes a more efficient protein in detoxification of chemical agents than that produced by the Val allele^[@bib6],\ [@bib7]^ with short exposure of cells to the drug. Nevertheless, an inverse association of *GSTP1* Ile105Val polymorphism and toxicity was found in this study: the IleIle genotype was associated with higher toxicity when compared with the IleVal or ValVal genotypes. Yao *et al.*^[@bib12]^ and Sugishita *et al.*^[@bib13]^ described associations of the IleIle genotype with increased risk of grade III--IV myelotoxicity in breast cancer patients treated with CP. This finding cannot be explained by direct drug detoxification function of *GSTP1*; a possible alternative mechanism for this unexpected association is through the novel role of *GSTP1* in cellular stress response signalling as an inhibitor of c-Jun N terminal kinase (JNK). JNK has been implicated in proapoptotic signalling and may be required for the induced cytotoxicity of a variety of chemotherapy agents. Phosphorylation of c-Jun activates JNK resulting in subsequent activation of downstream effectors. In non-stressed cells, low JNK1 catalytic activity is orchestrated and maintained through its sequestration within the protein complex that includes *GSTP1* and JNK. However, under conditions of oxidative or chemical stress, a dissociation of the *GSTP1*:JNK complex occurs releasing *GSTP1* for oligomerisation, and the activation of released JNK allows for the subsequent induction of apoptosis.^[@bib4]^ It was also speculated that the more active Ile allele results in decreased JNK activity and reduced expression of downstream cellular stress defense genes, which may predispose cells to chemical cytotoxicity.^[@bib16]^

With a median follow-up of 42 months (13--83), the 5-year EFS and OS for patients were 63% and 64%, respectively. At this time, EFS and OS were shorter in patients with abnormal B2M (EFS: 55 abnormal B2M vs 88% normal B2M, *P*=0.005; OS: 58 abnormal B2M vs 88% normal B2M, *P*=0.005), albumin levels \<3.5 mg/dl (EFS: 51 albumin \<3.5 mg/dl vs 74% albumin \>3.5 mg/dl, *P*=0.003; OS: 53 albumin \<3.5 mg/dl vs 75% albumin \>3.5 mg/dl, *P*=0.001), R-IPI (EFS: 46 poor, R-IPI vs 75% good/very good, R-IPI, *P*\<0.0001; OS: 47 poor, R-IPI vs 76% good/very good, R-IPI, *P*\<0.0001), grade III--IV toxicity (EFS: 35 grade III--IV vs 97% grade 0--II, *P*\<0.0001; OS: 40% grade III--IV vs 98% grade 0--II, *P*\<0.0001) and *GSTP1* IleIle genotype (EFS: 49 IleIle genotype vs 71% IleVal/ValVal genotype, *P*=0.009; OS: 51 IleIle genotype vs 72% IleVal/ValVal genotype, *P*=0.008). Differences between groups remained the same in univariate analysis; abnormal B2M and albumin, poor R-IPI, and IleIle genotype were adverse factors for EFS and OS in multivariate analysis. The IleIle genotype confirmed also having a shorter survival applying the bootstrapping method ([Table 2](#tbl2){ref-type="table"}).

Unfavourable outcome for IleIle genotype patients may be attributed to a short exposure of cells to CP^[@bib5],\ [@bib6]^ and lower antioxidant cellular response,^[@bib16]^ with consequent disease progression and toxicity to therapy, respectively. *GSTM1* and *GSTT1* double null genotype was associated with shorter EFS in males with DLBCL in Korean DLCBL patients with a median follow-up of 15 months, but OS was not altered by *GSTP1* Ile105Val polymorphism.^[@bib8]^

Differences in associations of *GSTM1*, *GSTP1* and *GSTP1* Ile105Val polymorphisms with clinic-pathological aspects and survival found herein and in Korean study^[@bib8]^ may be attributed to distinct sample sizes and median time of follow-up, which were about 1.5 and 2.6 times higher in our study. The imbalance of patients with unfavourable prognosis in groups with *GSTT1* null genotype and with undeleted genes in Korean study and distinct frequencies of deleted *GSTM1* and *GSTT1* genes and *GSTP1* Ile105Ile genotype in Korean patients and in our patients may also constitute plausible explanations for differences found in both studies.

In summary, despite of some known limitations in this kind of studies, our data present preliminary evidence that *GSTP1* Ile105Val polymorphism influences toxicity and response to R-CHOP as well as survival, and it acts as an independent prognostic marker in *de novo* DLBCL.
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###### Toxicity, response rate and final status by *GST* genotypes distributions in diffuse large B-cell lymphoma patients

  *Variables*                             *Patients*    *GSTM1*     *GSTT1*     *GSTP1 Ile*^*105*^*Val*                                                           
  --------------------------------------- ------------- ----------- ----------- ------------------------- ------------ ----------- ------ ----------- ----------- ---------------------------------
  Total                                   144 (100.0)   83 (57.6)   61 (42.4)                             123 (85.4)   21 (14.6)          53 (36.8)   91 (63.2)    
                                                                                                                                                                   
  *Toxicity*[a](#t1-fn5){ref-type="fn"}                                                                                                                           
   Grade 0--II                            72 (66.0)     46 (55.4)   26 (42.6)                             63 (51.2)    09 (42.8)          19 (26.4)   53 (73.6)   0.01[a](#t1-fn5){ref-type="fn"}
   Grades III or IV                       37 (34.0)     18 (21.6)   19 (31.1)   0.15                      31 (25.2)    06 (28.5)   0.57   19 (51.4)   18 (48.6)    
                                                                                                                                                                   
  *Complete response*                                                                                                                                             
   Yes                                    102 (71.0)    60 (72.2)   42 (68.8)   0.71                      88 (71.5)    14 (66.6)   0.61   32 (31.4)   70 (68.6)   0.03^b^
   No                                     42 (29.0)     23 (27.7)   19 (31.1)                             35 (28.4)    07 (33.3)          21 (50.0)   21 (50.0)    
                                                                                                                                                                   
  *Final status*                                                                                                                                                  
   Alive                                  97 (67.0)     57 (68.6)   40 (65.5)   0.45                      82 (66.6)    15 (71.4)   0.82   28 (28.9)   69 (71.1)   0.006^c^
   Dead                                   47 (33.0)     26 (31.3)   21 (34.4)                             41 (33.3)    06 (28.5)          25 (53.2)   22 (46.8)    

Abbreviation: CI, confidence interval.

Toxicity was evaluated based on the National Cancer Institute Criteria;^[@bib16]^ grade III or IV myelotoxicity was seen in 35 cases, cardiotoxicity in 1 case and nephrotoxicity in 1 case.

Response to therapy was scored according to the International Working Group Criteria; partial response, refractory and no evaluable were seen in 3, 15 and 24 cases, respectively.

Carriers of the *GSTP1* IleIle genotype were under a 2.94- (95% CI: 1.28--6.76), a 2.18- (95% CI: 1.05--4.56) and a 2.80 (95% CI: 1.36--5.76)-fold increased risks of myelotoxicity, not achieving complete response to chemoimmunotherapy and to evolve to death, respectively. (^a^)*P*~bootstrap~=0.01; (^b^)*P*~bootstrap~=0.03; (^c^)*P*~bootstrap~=0.008.

There are some missing values.

###### Final model for event-free survival and overall survival using Cox regression

  *Features*          *Multivariate Cox analysis*                                                      
  ------------------- ----------------------------- ------------------- ---------- ------------------- ----------
  *B2M*                                                                                                
   Normal             24 (19.6)                     Reference           0.002      Reference           0.002
   Abnormal           98 (80.3)                     1.98 (1.27--3.06)              1.99 (1.29--3.08)    
                                                                                                        
  *Albumin*                                                                                            
   \<3.5 g/dl         67 (51.9)                     2.08 (1.09--3.98)   0.025      2.16 (1.11--4.21)   0.023
   ⩾3.5 g/dl          62 (48.0)                     Reference                      Reference            
                                                                                                        
  *R-IPI*                                                                                              
   Very good/good     75 (58.1)                     Reference           0.002^a^   Reference           0.002^b^
   Poor               54 (41.8)                     2.61 (1.40--4.88)              2.72 (1.44--5.13)    
                                                                                                        
  *GSTP1*                                                                                              
   IleIle             48 (37.2)                     2.04 (1.14--3.65)   0.016^c^   2.02 (1.12--3.66)   0.020^d^
   IleVal or ValVal   81 (62.7)                     Reference                      Reference            

Abbreviations: B2M, beta2 microglobulin; CI, confidence interval; EFS, event-free survival; HR, hazard risk; OS, overall survival; R-IPI, International Prognostic Index in rituximab era. (^a^) *P*~bootstrap~=0.002; (^b^) *P*~bootstrap~=0.007; (^c^) *P*~bootstrap~=0.008; (^d^) *P*~bootstrap~=0.018.
